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RESEARCH MEMORANDUM

TRANSONIC INVESTIGATTION OF THE EFFECTIVENESS AND
LOADING CHARACTERISTICS OF A FLAP-TYPE ATLERON
WITH AND WITHOUT PADDLE BALANCES ON
AN UNSWEPT-WING—FUSELAGE MODEL

By Gereld Hieser
SUMMARY

An investigstion has been conducted at the ‘Langley 16-foot tran-
sonic tumnel for the purpose of investigeting the effectiveness and
loading characteristics of an aileron mounted on an unswept-wing—body
configuration. The flep-type outboard aileron was tested with and with-
out paddle balances at Mach numbers from 0.70 to 1.05 and angles of attack.
from 0° to 14°. The test Reynolds number, based on wing mean aerodynemic

chord, veried from sbout 5.5 X 10° to 6.5 x 10°.

Results of the investigation indicate that with increasing Mach num-
ber at an angle of attack of Oo, the aileron effectiveness is nearly con-
stant until a Mach number of 0.94 is reached, after which a rspld decrease
in effectiveness occurs. At Mach numbers from 0.98 to 1.05, the paddle
balances reduce the aileron hinge-moment coefficient by about 22 percent
et an angle of attack of 0°. The largest increase in drag coefficlent
due to addition of paddle balances to one aileron smounts to a&bout 0.002.

INTRODUCTION

Because theory for predicting effectiveness and loading character-
istics of lateral controls is inadequate at transonic speeds, recourse
must be made to experimentsl research to supply such informatlon. Accord-
ingly, some lateral control investigations at transonic speeds have been
conducted by the NACA on small-scale models by utilizing the transonic
bump and wing flow techniques (see, for example, refs. 1 to 3).

A program is now in progress at the Langley 16-foot transonic tunnel
for the purpose of obtalning the effectiveness and loading of controls
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on relatively large scale unswépt, sweptback, and delta wings at Mach
nurbers up to and slightly above 1.0. The present report includes the
results from tests of a 25-percent-chord, LO-percent-semispan outbosrd
alleron mounted on an unswept-wing model employing a wing with an aspect
ratio of 4.0, a taper ratio of 0.5, and NACA 65A004% airfoil sections.
Effectiveness and loading characteristics were obtained with and without
delta-~shaped paddle balances mounted sbove and below the aileron. The
tests covered Mach numbers from 0.70 to 1.05 and angles of attack from o°
to 14°. The test Reynolds nurber based on wing mean serodynamic chord

varied from about 5.5 X 108 to 6.5 % 106.
SYMBOLS

The model forces and moments have been reduced to the stability
system of axes. Model lateral coefficients and the aileron data obtailned
with the model inverted have been converted to the equivalent of an
upright model with the control on the right wing. Positive hinge moment
is defined as a nose-up moment for the aileron on the right wing.

b wing span
b, span of aileron
c local wing chord
o (b/2
c'! wing mean aerodynamic chord, 3 f c2dy
- 0]
cg, average chord of aileron
- Drag
Cp drag coefficient, =
.‘
Ch aileroa hinge-moment coefficient, Hinge momente.;]:?ut hinge line
C, -  1ift coefficiems, Iiit
L - - 2 as
- X
C, rolling-moment coefficient, _.olllv.;gbmcment
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Cn pitching-moment coefficient,
Pitching moment about mean aerodymemic quarter-chord
gSc!
] L
C yawing-moment coefficient, Yewing moment
n asb
Cy gileron normsl-force coefficient, A£Lleron normal force
a, qsa
Cy lateral~force coefficient, La'berz.; zoree
acIh
Chor, da, 5
a
Cpy
Cn, = —
8 \3%e)_
BC-L
Cc =| —
ls,  \ Obg
a
M free-stream Mach number
M! srea nmorent of aileron rearward of and about alleron hinge axis
o} free-stream dynamic pressure
S wing area
Se area of aileron
x' distance from alleron hinge line to aileron center of pressure
measured in the alleron chord plane and parallel to the model
plane of symmetry (positive to rear of hinge line)
¥ laters]l distance measured perpendicular o plane of symmetry
y! leteral distance to alleron center of pressure measured from

inboard edge of aileron (positive outboard)

-
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a angle of attack of model (fuselage center line)

&g aileron deflection angle relative to wing chord plane,
measured parallel to the plane of symmetry (positive when
trailing edge is down)

Sb paddle balance deflection angle relative to aileron chord
plane (positive when trailing edge 1s down). (Upper and
lower balances remain parallel at all deflections.)

A sweep angle, deg

The subscripts 8; and o« outside the perentheses denote the

parameters maintained constant. The subscript L.E. denotes wing
leading edge.

MODEL ANWD APPARATUS

Model

Geoametrlc detalls and pertinent dimensions of the basic wiling-fuselage
combination are given in figure 1. A table of the fuselage ordinates 1s
glven in reference 4. Phobtographs of the sting-supported model installed
in the tummel and views of the aileron and paddle balances are shown as
figure 2. The steel wing, which has zero sweep of the 0.50-chord line,
was nounted in a2 midwing position and has no geometric twist, incidence,
or dihedrsal.

Details and dimensions of the alleron and paddle balances are shown
in figure 3. The unsealed trailing-edge alleron 1s hinged at the
0.75-wing-chord line and has 0.045-aileron-~chord overhang. The inboard
edge of the ailleron is located at the 58-percent-wing-semispan station
and the oubtboard edge at the 98-percent station. Three different ailerons
were utllized to obtaln deflected aileron configurations. These ailerons
were geometrically similar except for the hinges which were strain-gage
beams machined as part of the aileron. The beams were bent at different
angles on the three allerons to permit nominal (no load) deflections
of 0%, -10°, and -15°. A positive deflection angle of 10° was obtained
by inverting the entire model with the -10° aileron installed.

The straln-gage beams were shielded from the zirstream by small
brass cover plates mounted on the allerons above and below the hinge
beams. The plates extended fram the hinge line rearwaxrd a distance of

about % inch and were y% inches wide. They were contoured so that the
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maximum height above the wing contour ocecurred just behind the hinge
line and wes gbout Ilg inch. All pletes were faired to a smooth contour
as can be seen in the photograph of figure 2(c) end in the sketch of
figure 3.

The paddle balances, mounted above and below the aileron (figs. 2
and 3}, were located shead of the hinge line at the 0.378-span station
of the aileron. The angle of the paddles 5, was 0° on the 0° eileron.

Two additional sets of paddles were utilized for tests with the
10° aileron, one set mounted at an angle of &, = 5° and the other at

ab = 10° on the aileron.

Instrumentetion

The overall model forces and moments were measured by a six-component
internal strein-~gege belance. Aileron normal forces and hinge moments
were measured by strain-gage balsnces mounted on the hinge beams. Angle
of attack was obtained from a strain-gage abttitude transmitter mounted
in the nose of the model. Pressures at the model base were measured by
two orifices mounted flush with the internal surface of the fuselage
zbout 2 inches ahead of the fuselage base.

Tunnel and Model Support

The tests were conducted in the Iengley 16-foot transonic tunnel,
which has an octagonal slotted test section permitting a continuous
veristion in speed to Mach numwbers slightly above 1.0.

The sting support system, which is described in reference 5, is
arranged so thet the model is located near the center of the tunnel at
all angles of attack.

TESTS

Simultaneous measurements of model forces and moments, and sileron
hinge moment and normal force were obbtained during tests of the model
without paddle balances at the angles and Mach numbers given in the
following table:
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Angle of attack, o, at -

Mach .
number, Nominal Nominal Nominal Igominié_

M 8g = ~-15 &g = =10 8 = 0 a8 =

(model inverted)

0.70 | e=—mem——————— O to 14.0 |0 to 1%.0 0 to 1k.0
80 | e 0 to 13.8| 0 to 14.0 0 to 14.0
.90 -0.1 to 11.5 0 to 11.% { 0 to 11.5 0 to 11.6
.92 ~.1 to 11.6 O to 11.4 |0 to 11.6 0 to 11.6
Ok -.1 to 13.8 0O to 13.8 |0 to 11.6 0 to 8.0
.96 0 to 13.7 0 to 13.8{0 to 11.7 0 to 8.0
.98 -.1 to 11.6 | -0.1 to 11.7| O to 11.7 0 to 8.0
1.00 -.1 to 15.8 0O to 153.7|0 to 11.7 0 to 8.0
1.05 -.1 o 8.0 0 to 7.9| O to 8.0 0 to 6.0

Model and ailerorn forces and moments were obtained with the paddle
balances Installed for the following angles and Mach numbers:

Angle of attack, a, 2t -
Mach Nominal Nominal
numr‘t;rer, Bg = O 8a = 10
B, = 0 & =5 &, = 10
0.70 | —ecmmcmaee- 0, 4.0, 8.0, 10.0, | O, 4.0, 8.0, 10.0,
12.0, 14.0 12.0, 14.0
80 | e 0, k.0, 8.0, 10.0, | 0, k.0, 8.0, 10.0,
12.0, 1k.0 12,0, 1k.0
-91[' ----------- O’ )'I'oo, 8-0, ll-T 0, Ll‘-l
.98 0, 4.0, 8.0 0, 4.0, 8.0 0, k.1, 8.1
1.00 0, 4.0, 8.0 0, k.0, 8.0 0, k.0, 8.0
1.05 0, 4.0, 8.0 0, 4.0, 8.0

The test Reynolds number based on wing measn aerodynamic chord varied
from about 5.5 X 106 to sbout 6.5 x 106 (see fig. Lb).
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ACCURACY

The measurement of Mach number in the test region is believed to
be accurate within +0.002 (ref. 6), and the angles of atback presented
are belleved to be correct within +0.1°.

The aileron deflection angles were determined from the nominal angle
and an additional angle due to deflection under loadlng conditions. This
additional angle was determined from a static loading calibration. The
resulting aileron deflection angles &, are believed to be correct

within +0.2°.

Lift and drag data have been adjusted to the condition of free-
stream static pressure at the model base. Base pressure coefficients
for the model without an aileron or paddle bhalances are given in refer-
ence 4. Deflecting the aileron and adding paddle balances had a rela-
tively small effect on the base pressures, and therefore, the coefficients
are not presented in this report.

No adjustments for sting interference or aeroelesticlty have been
applied to the model aerodynamics forces and moments or to the aileron
force and moment measurements. The maximum twist of the wing with no
aileron deflectign within the range of testi conditions reported has been
estimated as 0.6 (see ref. 4). Tunnel boundary-induced effects for
wing-body combinations are believed to be negligible in this slotied
test section (ref. 7).

The accuracy of the measured coefficients based on balance accuracy
and repeatability of dabta 1s belleved to be within the following limits:

CL. L) - L] . - L[] . L] L] L] o L] L] L] L L] - - - . - - . L[] L] - . - L] '-tO-Ol
C, at low 1ift coefficlents . ¢« ¢ ¢ ¢« ¢« ¢« ¢ ¢ o ¢ o o o ¢ o « +0.001L

Cp at high 1if% coefificients . . &« ¢« ¢ ¢ & ¢ ¢ ¢ ¢ ¢ ¢ 4 e o +0.003%
Cz o ¢ ¢« o s o o o a ¢ o o s « s o o o « s s s o o s o s ¢« F.00L
Cpo» o ¢ « o 5 o o e o o o s s s o s s o o s o« o s s o+« « « T0.0005

Cp v ¢ = = @ ¢« 4 a o o s s s o s 8 o o 8 8 8 4 4 e w e e e e +0.02
CN. » o o o o & s o o« e a s o o« o s = « o« o« s o a o o o s o = +0.0L
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RESULTS AND DISCUSSION

Model force and moment characteristics and the aileron hinge-moment
and normal-force coefficients are presented in figures 5 to 1l2. The
chordwise and spanwise centers of load on the alleron are given in fig-
ures 13 and 1k, respectively. TFigures 15 to 2 present the analysis
prepared from the basic data.

Effectiveness and ILoading of Alleron Without Paddle Balances

Effectiveness.- The varlation of rolling-moment coefficient wilth
alleron deflection at various angles of attack and Mach numbers is shown
in figure 8. As indicated by the data at the deflections of these tests,
the curves are linear, or nearly linear, at all angles of attack investi-
gated and Mach numbers up tc 1.05, the limit of the tests. Although no
data were obtained at small deflection angles, 1t is believed that no
discontinuities in the rolling-moment curves exist for a flap-type alleron
or 2 thin unswept wing neer zero sileron deflection. Generally, the
deviations from straight lines in the direction of a lower aileron effec-
tiveness are not very large and occur at deflectlons greater than about 10°
at Mech numbers up to about 0.94. At higher Mach numbers essentislly no
loss in effectiveness occurs with increasing deflection up to the largest
deflections of the tests.

As shown in figure 15, the aileron effectlveness parameter 025
a

at an angle of attack of zero remains nearly constant and has a value of
about ~0.0020 at Mach numbers from 0.70 to about 0.92. As the Mach num-
ber is incressed to 0.94 a small increase in effectiveness occurs.
Examination of wing pressure distributions in reference 4 for the present
model wilith undeflected aileron reveals that the main wing shock is located
at about the 0.75-chord station (hinge-line location) at a Mach number

of 0.9% end an sngle of attack of zero. As 8y 1s increased from zero

the shock probably moves back on the upper surface (positive deflections)
or rearward on the lower surface (negetive deflections), thereby increasing
the load on the aileron and wing at a greater rate than at lower Mach num-
bers where the shock is shead of the aileron. As the Mach number 1s
increased sbove 0.94 the shock moves back to the trailing edge and changes
in 3, probably no longer affect the shock position. Furthermore, with

completely supersonic flow over the aileron, changes in &, probably have

13ittle or no effect on the pressures sghead of the alleron; hence, the
decrease in effectiveness.

The curves of figure 15 also indicabte that the aileron effectiveness .
begins tc decrease a2t progressively lower Mach numbers as the angle of
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attack is increased. This decrease is a result of the rearward moverent
of the mein wing shock with increasing angle of attack, which is char-
acteristic of thin, unswept wings (ref. k).

Loading.- The aileron hinge-moment and normal-force data of figures 11
and 12 show that despite the existence of both subsonic and supersonic
flow and the associsted shock formations and movements on the model at
transonic speeds, the aileron loading variations with deflection are rela-
tively uniform. In fact, the curves at low angles of attack are lineer,
or nearly linesr, at a2ll Mach numbers up to 1.05. Departures from lin-
earity generally occur at the seme conditions and are similar in character
for both the hinge-moment and norm=l-force curves.

The aileron chordwise position of center of loading calculated from
the normal-force and hinge-moment data ls shown in figure 15. At angles
of attack of 0° and 4° the center of load veriation with deflection is
small, as might be expected in view of the similarity between the hinge-
moment and normal-iforce curves. This small variation is, of course, con-
fined to regilons where Cp and CNa are not near zero. As Mach number

is increased the center of load generally moves rearward until a Mach
number of about 0.98 is reached, after which its positlon is nearly con-
stant. This rearward travel resulbs from the rearward movement of the
wing shock and the resultant transformation of the aileron load from a
triangular shape to rectangular (ref. 8).

The effect of anglie of attack, aileron deflection, and Mach number
on the aileron spanwise center of load is presented in figure 14. Although
the curves are somewhat errabtic, several trends can be noted. Increasing
angle of attack generally causes an inboard movement of lozd at Ba = 0°,

while an outboard movement results at negative deflections. For a positive
aileron deflection or for the undeflected aileron increasing Mach number
has little effect on the lateral cenber of load until a Mach number of 0.94
is reached where a rather sbrupt inboard movement occurs. This inward
shift avereges about 5 percent of the zileron span. The effect of Mach
number on the center of load et negative deflections is very small and no
trend can be noted.

In order to show the effect of angle of attack on hinge-moment coef-
ficient the date of figure 11 have been cross plotted and are presented
in figures 16 and 17. At M = 0.70 =z2nd & = OO, the increase in Cn

F=]
E -

with angle of attack is gradusl throughout the angle-of-attack range inves-
tigated (fig. 16). As shown by the pressure distributions of reference L,
the loading over the aileron remeins triangular in shape and increases
greduslly with angle of attack. At M = 0.80 also the hinge moment
increases graduslly until an angle of about 9° is reached where Cp, begins
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to increase at a greabter rate. The pressure distributions indicate that
flow separstion from the wing leading edge at about this angle results
in en increase 1in the load over the trailing portion of the wing.

When the Mach number is increased from 0.90 to 0.96, Cj remains

nesrly zero at low angles of attack but increases rather abruptly at mod-
erate angles. MNobte that the angle at which thls increase begins is pro-
gressively lower as the Mach number 1s increased. At each Mach number
the main wing shock is located near the aileron leading edge at the angle
of attack where the hinge-moment coefficient begins to lncrease rspidly.
The increase in loading with o 1s caused by the rearward movement of
the shock, which not only increases the trailing-edge load, but also
causes & change in the loading shaepe from triangular to trspezoldal or
rectangular. At Mech numbers sbove 0.96 the shock is at the trailing edge
at all engles of attack and there is a less abrupt change in the slope
of the Ch against o curve.

Aileron deflection has little effect on the variastion of hinge-moment
coefficient with angle of attack (fig. 17). At a deflection of -l2°,
however, the increase in Cp with 8g 1s generally somewhat more gradusl

than at lower deflections.

The values of the hinge-moment parameter Ch5 presented 1in fig-
a

ure 18 were obtained frorm the curves of figure 11 as average slopes at
85 = 0°. At an angle of attack of 0°, Chy increases from about -0.011
a

at M = 0.70 +to sbout -0.03T7 at M = 0.96 after which a slight decrease

occurs. Increasing the angle of attack to 4° has 1little effect on the

trend of the curve. At an angle of attack of 8°, however, the Mech number

at which a rapid increase in Chs occurs is reduced from gbout 0.92 to
a

about 0.85. Angle of attack has very little effect on the values of this
parameter at the low and high ranges of Mach number., The gradual increase
in Ch8 2t Mach numbers from 0.70 to about 0.92 at a = 0° and 4°, end
a
at Mach numbers from 0.70 to 0.85 for the o = 8° curve is due to com-
pressibility. As Mach number is increased, however, the rapid increase
in ChB probably results from an Increased rate of rearward movement
a

of the wing shock over the aileron as the alleron is deflected. After a
Mach number of about 0.96 is reached the flow over the aileron is com-
pletely supersonic at all deflections and only small changes in Ch5

a

occur as M 1is increased.

The parameter C,  presented in figure 18 was obtained from the
o

linear portion of the curves in figure 16 at low angles of attack. This

SR
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perermeter is very smell at Mach numbers up to about 0.96. The wing shock
remains shead of the aileron at small angles of attack and, therefore,
the load at the trailing portion of the wing does not increase until
higher angles are attained. At Mach numbers from 0.96 to 1.05, Chcr,

increases rapidly reaching & value of about -0.012. At these Mach num-
bers the flow over the aileron is completely supersonic and the load
increases with increasing angle of attack.

Effect of Peddle Balances

The deltbta-shaped paddle balances were designed o balance about
25 percent of the aileron hinge moment. In order to utilize relatively
small paddles, geared-type balances were simulated by mounting them at
an angle 50 percent greater than the aileron deflection angle with respect

a{s, + 5, +

( 2 Sb) s 1.5. Tt should
48 [

be noted, however, that the gear ratio is not quite constent in this

case, because the aileron deflection &, varies somewhat with loading

while &, remains very nearly constant.

1o the wing chord pla.rie » that is,

In order to obtain further informstion on the ei‘fecm.veness of the
paddles, one test was m_a.de 2t an aileron deflection of 10° with the
paddles mounted at +10° with respect to the ai leron, resulting in a
balance-to-aileron gear ratio of 2 to 1. The following discussion, how-
ever, refers to deta obtained with the balances geared at 1.5 to 1 unless
otherwise noted.

Aerodynamic characteristics.- Drag measurements of the model with
the paddle balences installed were obtained at Mach numbers of 0.98, 1.00,
and 1.05 only. As shown in figure 19 the largest increase in drag coef-
ficient due to the paddle balances (gear ratio = 1.5) is about 0.002.
This increment is, of course, only half the amount that would occur for
the configuration with paddle balances on both ailerons.

Addition of the paddle balances to the model results in only minor
changes in ro]_'Ling-mon-ent coefficient or aileron effectiveness at Mach
mmbers from 0.98 to 1.05 (f:l.g. 20). The ef.u.ect on rolling-moment coef-
ficient of increasing the paddle angle from j with respect to uhe aileron
(geared 1.5 to 1) to 10° (geared 2 to 1) at a nominal &, of 10° is shown

in figure 21.. The rolling moment is increased by increasing the paddle-
balsnce angle at a Mach number of 0.70 and to a lesser extent at =z Mach
nuriber of 0.80. However, as the Mach number is increased to 0.94 and 1.00,
the paddle-balance angle has little effect on rolling moment.

GO
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Aileron loading.- Thae aileron normal-force coefficient at Mach num-
bers of 0.98, 1.00, and 1.05 (fig. 22) is affected very little by the
paddle balances. Appareatly the paddles bend the streamlines such that
the load on the aileron is reduced an amount almost equal to the normal
load on the paddles.

The data of figure 235 indicabte that the paddle balances reduce the
binge moment by about 22 percent at an angle of attack of zero and, as
shown in figure 18, reduce Ch8 at all angles of attack by about the

a

same percentage. As stated previously, the balances were designed to
decrease the aileron hinge moments by about 25 percent. The calculations
of paddle-balance effectiveness are, therefore, in relatively good agree-
ment with the measured values. These calculations were performed by
utilizing supersonic 1iff and drag date of a delta-wing plan form and the
appropriate moment arms.

The variation of aileron hinge-moment coefflcient with paddle-balance
angle at a nominal aileron deflection of 10° is shown in figure 24.
Although the quantitative effect of &), on hinge moment is somewhat

erratlic, increasing the paddle-balance angle from 59 %o 10° reduces Ch
at all Mach numbers and angles of abttack shown.

CONCLUSIONS

Results of a transonic investigation of the effectiveness and loading
characteristics of a flap-type aileron on an unswept-wing—Ffuselsge model
with and without paddle balances installed lead to the following
conclusions:

1. With increasing M at o = 0° +the aileron effectiveness 018
a,
is nearly comstant at a value of about -0.0020 until a Mach number of 0.9k
is reached after which a decrease occurs. Increasing the angle of attack
reduces the Mach number at which a decrease 1n effectiveness begins.

2. The hinge-moment parsmeter Ch_8 at a = 0° varies from
2,
sbout -0.011 at M = 0.T70 +to about -0.037 a2t M = 0.96 after which a
slight decrease occurs. Increasing the angle of attack to 8° nas little
effect on the general trend of the curve.

3. The parameter Cha is very small at Mach numbers up to about 0.96

after which a rapid increase occurs reaching a value of about -0.012 at
= 1005.
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4, At Mach numbers from 0.98 to 1.05 the paddle balances reduce
the hinge-moment parameter ChS by gbout 22 percent and reduce the
a

hinge-moment coefficlent at a = o° by about the same percentage.

5. The greatest increase in drag coefficient due to the addition
of paddle balances to one aileron amounts to sbout 0.002.

Langley Aeronautical Leboratory,
National Advisory Commititee for Aeronautics,
Langley Field, Va., January 24, 1956.



1y

SN NACA RM L56B02
o

Hammond.,, Alexander D.; Iateral Control Investigation of Flap-Type
Controls on a Wing With Unswept Quarter-Chord Line, Aspect Ratio k,
Teper Ratio 0.6, and NACA 654006 Airfoil Section. Transonic-Bump
Method. NACA RM L50A03, 1950.

Turner, Thomas R., Lockwood, Vernard E., and Vogler, Raymond D.:
Aerodynam.ic Charac*terist:.cs at Subsonic and Trensonic Speeds of a
42.7° sweptback Wing Model Having an Aileron With Finite Trailing-
Edge Thickness. NACA RM L8K02, 1949.

Johnson, Harold I.: Measurements of Aerodynamic Characteristics at
Transonic Speeds of an Unswept and Untapered NACA 65-009 Alrfoil
Model of Aspect Ratio 3 Witk l/ll-—Chord. Plain Flap by the NACA Wing-
Flow Method. NACA RM 1L53D21, 1953.

Hieser, Gerald, Henderson, James H., and Swihart, John M.: Transonic
Aerodynamic and Loads Characteristics of a 4-Percent-Thick Unswept-
Wing—Fuselage Combinstion. NACA RM L54B2k, 195k.

Hallissy, Joseph M., and Bowman, Donald R.: Transonlic Characteristics
of a 45° Sweptback Wing-Fuselage Combination. Effect of Iongitudinal
Wing Position and Division of Wing and Fuselage Forces and Moments.
NACA RM L52K0L, 1953.

Ward, Vernon G., Whitcomb, Charles ¥., and Pearson, Merwin D.: Air-
Flow and Power Characteristics of the ILangley 16-Foot Transonic
Tunnel With Slotted Test Section. NACA RM L52E01l, 1952.

Whitcomb, Cherles F., and Osborne, Robert S.: An Experimental Inves-
tigation of Boundary Interference on Force and Moment Characteristics
of Lifting Models in the Langley 16- and 8-Foot Transonic Tunnels.
NACA RM 152L29, 1953.

Runckel, Jack F., and Gray, W. H.: An Investigation of Loads on
Ailerons et Transonic Speeds. NACA RM L55El3, 1955.



< [04.3 >
< 59.53
|<-| |.43*l
Hinge axis 0.75 chord line | W
“ 33.50
0.5-chord line A=0° ! *1—
\' 19.83 -
22.86 ] ¢ "
1 } ) ———— 4.?2 e
(
S — ———ry — ' — ——
< \ 1 ] —
1 —Base diom b268°
' 15.24 6.28
¢'=17.78 l
a 34.19 Wing data
| !zc' Aspect ratio 40
Toper ratio 05
Wing area  [8.165 sqft
; Wing section | 654004
Pitching-moment axis *\i ALg 9.5°

Figure l.- Geometric details of model. All dimensione are in inches except

a5 noted.

20g9CT W VOVN

¢t



16 ol NACA RM L56B02

L-8081L

(a) View of complete model.
Figure 2.- Photographs of model mounted in the tunnel.
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Tigure 2,- Continued.
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(c) Pottom view of aileron and paddle balance.

TFigure 2.~ Concluded.
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Figure 12.-~ Aileron normal-force characteristics.
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Figure 24.- Variation of hinge-moment coefficlent with paddle<balance

angle.
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